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4 Frequency doubling  

... 

4.4 Phase matching 

4.4.1 Birefringent phase matching 

4.4.2 Frequency doubling of Gaussian beams  

4.4.3 Frequency doubling of pulses 

4.4.4 Effective nonlinear coefficient d
eff 

 

4.4.5 Quasi-phase matching (QPM)  
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4.4 Phase matching 

4.4.1 Birefringent phase matching 

non-critical  

phase matching  

(for neg. birefringence) 

 

similar for pos. 

birefringence 
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Type-I critical phase matching 
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only valid for small birefringence 

Gaussian beam with w0  walk-off length 

walk-off angle 



Walk-off 
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Type-II phase matching 
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Acceptance angle 
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Weak birefringence 
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Acceptance bandwidth 
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Acceptance bandwidth 
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4.4.2 Frequency doubling of Gaussian beams 
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Guoy phase shift 

A. E. Siegman, Lasers (University Science Books) 



Gaussian beam 
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Gaussian beam continued 
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Estimate of conversion efficiency for Gaussian beam 
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4.4.3 Frequency doubling of pulses 
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20 phase 

f(t)=E1(t)
2 
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large doubling bandwidth 

very small doubling bandwidth 
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4.4.3 Effective nonlinear coefficients 

Eo║ 
║De 
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4.4.3 Effective nonlinear coefficients 

Eo║ 
║De 
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type-I PM 

type-II PM 

2cosjsinj 

multiplication with T 
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4.4.5 Quasi-phase matching (QPM) 
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http://www.covesion.com 

high technological relevance! 

 

custom-engineer phase matching 

e.g., mid-IR, THz generation 

fan-out QPM gratings 

chirped QPM gratings 

waveguide QPM devices etc. 



Dktotal= Dkprocess+2p/L(z) 

L(z)  grating period 

 
 no walk-off 


